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ABSTRACT
The Devonian - Ohio Shale has tremendous producible hydrocarbon
reserves that can currently be located and produced by slightly
modified exploration, development and bore hole stimulation
techniques. Drill site selection utilizing depositional structural
relationships to locate the natural compaction fracture reservoir
could improve productivity. The Devonian - Ohio Shale is
significantly different from the Western Oil Shale since it has
primary oil and gas production. This hydrocarbon source could
substantially contribute to short term energy needs and the Self
Help Energy Program.

1. INTRODUCTION
The term "Devonian" or "Ohio Shale" as used
here, Figure 1, is an informal and inexact
stratigraphic unit which is used for con
venience to describe the predominantly
shale section between the base of the
Mississippian Age Berea Sandstone and the
top of the Devonian Age Onondaga (Delaware)
Limestone. This is essentially the same
stratigraphic unit that has produced large
quantities of oil and gas from sand string
ers which interfinger with the Shale facies
in Western Pennsylvania and New York.

The tremendous hydrocarbon reserves that
are so desperately needed by both industry
and the heavily populated residential areas
of the Northeastern U. S. may be found in
the Devonian - Ohio Shale section. The
Federal Energy Agency in 1975 indicated a
need for 5.5 Billion barrels of oil per
year.
Known reserves were estimated at 45
Billion barrels which indicated about an 8
year supply. Published reserve estimates
for Devonian - Ohio Shale range from 60
Billion to 3 Trillion barrels of oil which
could amount to an additional 11 to 545
years supply. This hydrocarbon source
could supply much of the short term need
while other energy sources are being per
fected .
The primary purpose of this report is to
demonstrate the significant difference
between the highly publicized Western Oil
Shale and productive Devonian - Ohio Shale
in the eastern Uni ted States. The DevonianOhio Shale's tremendous energy reserves
are presented along with production facts,
shale geometry and new techniques for
selectively improving development of these
reserves for a short term Self Help Energy
Program.
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The Devonian - Ohio Shale and its approx
imate equivalents (Figure 2) are known by
many different names such as the
Chattanooga Shale of Kentucky and
Tennessee, the Antrim Shale of Michigan
and the New Albany Shale of Illinois and
Indiana (6). A strati graphically equiv
alent section with possibly some potential
exists over a portion of northern Missouri
and Southern Iowa.

PERIOD YEAR
1st
2nd
3rd
4th

INTEREST

DAILY
PRODUCTION

1840 Domestic
1 to 50 MCF
1930 Commercial 150 MCF + 2 BO
TO
250 MCF + 50 B0
1967 Commercial 250 MCF + 100 B0
1974 Research &
Industrial

These potential reserves are more difficult
to recognize and evaluate since the hydro
carbons are not held in the usual type trap
and are not recognized on the electric logs
by the usual type of ev a1uation . Only slight
modifications of standard exploration,
evaluation and completion techniques are
needed to substantially expand the Ohio
Shale's productive potential.
3. RESERVE ESTIMATES
Recent published estimates of Devonian Ohio Shale oil reserves range from 1.5 to
3 Trillion barrels of oil (1,18,20,25,4,
2,17,26,13). These reserves are equiva
lent to or greater than the Western Shales,
75 to 300 times the estimated Atlantic
Shelf reserves and 150 to 300 times the
Alaskan North Slope reserves.

The general geometry of the Devonian Ohio Shale shows thicknesses ranging from
zero to over 7000 feet in the Appalachian
Basin. It could range from zero to sev
eral hundred feet thick in the Missouri
and Iowa area.

Estimates for Devonian - Ohio Shale gas
reserves range from 149 to 285 Trillion
cubic feet of gas (14,5,3,21). These
reserves are 1.4 to 2.3 times those esti
mated for the Atlantic Shelf and 5.7 to 11
times the Alaskan North Slope reserves.
Speculative reserve estimates have ranged
up to 2.4 Quintrill ion cubic feet of gas.
Reserve estimates are quite variable and
controversial in all areas, therefore, the
old production records, although limited,
should receive serious evaluation.

2. SIGNIFICANT DIFFERENCE IN SHALES
The Western Oil Shales must use special
mining, processing and refining procedures
along with tremendous waste disposal problems.
The Devonian - Ohio Shale is significantly
different since there is primary produc
tion of oil and gas available through
essentially standard well completion
techniques, utilizes available processing
and refining facilities, and has no waste
disposal problems. There has been produc
tion from the "Ohio Shale" in the
Appalachian area since 1849 (11,24) with
some wells having production histories of
over 40 years.
It has been estimated that
over 8000 shale wells have been drilled
in the Appalachian Basin. There are
limited records and data for evaluation,
however, it is generally agreed that
although average deliverabi1ity and
reservoir pressure are relatively low, the
wells exhibit relatively flat production
decline curves, productive lives of up to
50 years, and exceptionally high BTU
values. The overall success of finding
a producible well is high -approximately
9 0%.

In a typical Shale well the reservoir con
sists primarily of compaction fractures
with possibly some slight contribution
from siltstone stringers. Wells are
drilled with variable spacing, generally
ranging from 40 to 160 acres. At the pre
sent time, 160 acres seems to be the most
desirable. Depths currently range from 300
to 5000 feet although some of the early
tests were only 50 feet deep. One Shale
well was completed in 1971 for an open
flow of 1,070,000 cubic feet of gas per day
from a Shale interval 39 to 471 feet deep
(16). Shale wells which produce oil have
had production ranging from 8 to 200 barrels
per day (19) with gravities ranging from
38 to 65. No water is reportedly produced
from the Shale itself.

There have been four periods of Devonian Ohio Shale interest and development:

Gas wells from the Shale generally range
from 100,000 to 5,000,000 cubic feet of

4. DEVONIAN - OHIO SHALE PRODUCTION
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gas per day, however, wells from 1,000 to
15,000,000 cubic feet of gas per day (15)
have been reported. The gas has very high
heating value with a BTU range of 1100 to
1300. Reservoir pressures are low and
range from 250 to 540 PSI (7). Local
pipeline pressures in much of the area are
also low and range from near zero upward.

ranging from 700 to 3300 feet averaged
207,353,000 cubic feet of gas per well (19).
PRODUCTION DECLINE CURVE
AVERAGE FOR 14 WELLS

Average Ohio Shale reserve estimates per
well range from 1 50,000,000 to 350,000,000
cubic feet of gas figured on the basis of
160 acre spacing. The wells have produc
tive lives of 10 to 50 years. Secondary
recovery is possible but of unknown value
at this time.
When the Ohio Shale reserve estimates of
150 to 350 Million CFG per well are com
pared to the 1974 U. S. average of 1.1
Billion CFG per well (10), they appear
relatively small. When compared with the
Ohio average, which is primarily Clinton
Sand production of 212 Million CFG per
well the Shale reserves seem to compare
more favorably.
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FIG. 3
The average 10 year production from 272
Ohio Shale wells was 182,000,000 cubic feet
of gas. Sixteen wells had production of
over 500 Million cubic feet of gas and two
had production of over 1 Billion cubic feet
of gas in 10 years.

When the open hole natural gauges for the
three shallow Shale zones which average
386,000 CFGPD are compared to the treated
completed deeper Clinton Sand gauges which
average 1,016,000 in the same wells, it
becomes apparent that the Shale has con
siderable potential. Stimulation treat
ment usually increases gas volume from the
Shale by 4 to 10 times the original gauge
(Est. Range from 1,544,000 to 3,860,000
CFG) which indicates that treated shale
should be as good or better than the
Clinton in this N. E. Ohio County.

Information on 3414 Shale wells in Kentucky
gives some idea of response to the old ex
plosive shot treatments (9). It will be
noted that 207 wells (6%) were completed
open hole without any treatment and that
their open flow was 1,050,000 cubic feet of
gas which was considerably greater than the
290.000 CFGPD from treated wells. This
type of production and the geological envi
ronment conducive to this type of recovery
should be the principle target of anyShale
development program. The shot treatment in
3207 (94%) of the wells yielded an average
increase of 4.8 times the original open
hole gauge.

A ten year production decline curve for an
Ohio Shale well shows very little overall
decline. The curve is almost horizontal
with seasonable peaks and valley that are
the result of variations in line pressure
and the need for gas.

4.1 AMERADA #1 ULLMAN
One of the few Ohio Shale oil and gas wells
with good production records is the Amerada
#1 Ullman, in S. E. Ohio.
In the first
three years it produced over 34,693 barrels
of oil plus 50,000,000 cubic feet of gas
(Figure 4). The decline curve may indicate
two decline periods.

An average production decline curve for 14
Shale wells (Figure 3) for a 40 year period
shows very little decline (11). Some wells
that produced 100,000 cubic feet of gas 60
years ago still produce at only slightly
less than that today (1968) (8).

The Ullman discovery (Figure 5) stimulated
a new drilling cycle for Shale which re
sulted in about 90 new wells being drilled.
It also stimulated interest in new sample
logging, electric logging and stimulation
techniques. The Ullman was drilled with
air through the Shale zone. At 2300' gas
was detected and on 2 hour test gauged
489.000 CFG per day. The hole was drilled
deeper and oil was encountered at about
2700'. The base of productive zones in
nearby wells were plotted relative to the

The average Ohio Shale production from 115
singularly metered wells was calculated
on 160 acre spacing. Average depth was
3000', the best well had produced
660,000,000 cubic feet of gas and the
average well had produced 289,882,000
cubic feet of gas. In most cases, singu
larly metered wells are near the edges of
the producing areas.
Metered Ohio Shale gas production from 6
Ohio Counties and 229 wells with depths
33

2100' Ullman Shale interval to show that
there has been production from about the
top of the Shale to the base with most
wells being completed from the interval
near the middle.

the pump.
An interesting phenomenon was observed
(Figure 6) after the pump had been down
for repairs for several days, the volume
of oil would almost be made up before the
well leveled out to normal production.
This phenomenon was still evident three
years after production was discovered.

AMERADA NO. I ULLMAN
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FIG. 6

Oil from the Ohio Shale is quite variable
over a small area ranging from dark browns
in the 38 gravity range to almost clear in
the 65 gravity range.
AMERADA

I

910 B.O.

5. DEVONIAN - OHIO SHALE GEOMETRY
The Devonian - Ohio Shale generally is
present over the eastern 2/3 of Ohio with
a small area in northwest Ohio (Figure 7)
Production does not seem to be limited to
any one specific area. The oil producing
area is, however, limited at the present
time to S. E. Ohio.

ULLMAN

OHIO SHALE
PRODUCTION

FIG. 5
The Ullman was one of the largest and most
successful completions which resulted from
two large limited entry frac treatments
with 2759 barrels of frac fluid, injection
rates of 107 barrels per minute and 97,000
pounds of sand.

The Shale thickness (Figure 8) varies from
zero to about 3800 feet in Ohio. The oil
production is in an area that has 2100 feet
or more of section.
Structure (Figure 9) is regional and dips
generally into the Appalachian Basin. The
Burning Springs Anticline is one of the
most significant features.

It took about 15 days for the Ullman to
clean up after the two zones were put on
34

The technique of constructing depositional
structural interpretations (Figure 11)
from present day structure helps determine
favorable desired conditions.

FIG. 8

OHIO SHALE
THICKNESS

Depositional structure influences sediment
distribution (Figure 12) with the coarse
sediment being sorted on the depositional
highs by currents and wave action. The
finer sediments are deposited in the lows
and adjacent to the highs.

FIG. 9

OHIO SHALE
STRUCTURE

6. EXPLORATION - NATURAL FRACTURE RESERVOIR
Local structure is predominated by minor
structural noses (Figure 10) that do not
yield any significant clues for location
of the desired compaction fracture res
ervoir.

The depositional high is the preferred
growth area (Figure 13) since it is shal
lower, warmer, lighter and more oxygenated
than the lower areas. The preservation
areas for potential residual hydrocarbons
is on the flanks of the highs where the
organisms might be transported and buried
after death.
These conditions postulated for ancient
sediments are currently apparent in recent
sedimentation off fhe Florida Coast. A
profile of bottom samples were caught and
analyzed from a point near Key Largo to
Molasses Reef. The profile shows the rela
tionship of coarse sediment on the sea
floor highs and the fine muds in the lows.
Depositional relationships for the usual
Appalachian Basin targets can be shown by
35

two wells that are 900 feet apart. The
elastics clean up, thin or are absent over
depositional highs. Evaporites thin or
are absent over the depositional highs
while the carbonates thicken due to
organic growth or accumulation.

up for compaction fractures. The coarse
sediments slightly compact while the flank
finer sediments haveconsiderable compaction
resulting in differential compaction frac
tures which are the natural fracture res
ervoirs that we seek.
DEPOSITIONAL RELATIONS

COMPACTION RELATIONS

These depositional relationships are also
apparent in the Devonian - Ohio Shale
interval (Figure 14). The Shale thins
over the depositional highs and thickens
into the lows. The increase in residual
hydrocarbons is indicated by the asso
ciated increased radioactivity (23) on
the gamma ray logs.

It seems logical to assume that the desired
natural fractures will be associated around
the depositional highs, and are, therefore,
predictable in the subsurface (Figure 16).

DEPOSITIONAL RELATIONS
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Prospects are located on the flanks of
depositional structural highs where maximum
natural compaction fracturing can be antic
ipated. New techniques have been developed
to more accurately determine the location
of these depositional structures and subse
quently, the more favorable areas for nat
ural fracture reservoir development.

*

Depositional structure controls sediment
sorting and distribution to some extent
(Figure 15), with slightly compactible
coarse sediments on the highs and rela
tively finer more compactible sediments
on the flanks, ideal conditions are set

Proof of the existence of fractures in the
Devonian - Ohio Shale has been established
36

by cores of the Shale. One core exhibited
a 3 foot nearly vertical fracture. The
surface of that fracture was coated with
oil when the core was pulled. Other cores
show slickensides and mini fault features.
Current research efforts are primarily
being expended in developing new stimula
tion treatments, surface evaluation tech
niques and bore hole evaluation systems.
Some progress has been made in these
studies, however, the translation of the
results into usable energy is several
years in the future.
New techniques in exploration and develop
ment utilizing currently available infor
mation and equipment could add substantial
reserves in a minimum amount of time.
Environmental disruption and waste dis
posal problems would be minimal.
Shale tests do not need special drilling
equipment and the type to be used should
be determined by area, depth to be drilled
and availability of rigs. Air rotaryrigs
are fast but expensive and require fairly
large locations. Small cable tool units
both old and new models can drill and
complete Shale wells, requiring smaller
locations, less expenditure but a greater
amount of time.

$75,000 and a completed well cost of about
$105,000.
Assuming an average well of 100,000 cubic
feet of gas per day, 80% success and an
average depth of 3000 feet, the cost
required to acquire the needed volume of
gas can be computed. Ten wells would
supply an estimated 1,000,000 CFGPD and
would cost about $1,000,000. Fifty wells
would supply an estimated 5,000,000 CFGPD
and would cost about $5,000,000. These
costs are to the well head and do not
include collection and transportation.
To quickly and successfully develop Shale
reserves, old well records should be
reviewed for Shale data. Maximum data
should be collected on current tests
penetrating the Shales. This would include
collecting and evaluating the Shale samples
for residual hydrocarbons, gauging of natu
ral shows, and running interpretative elec
tric logs through the Shale when possible.
Studies utilizing available Shale data and
new techniques for locating the most favor
able areas for compaction fracture reser
voirs could be made in a short period of
time.
Tremendous hydrocarbon reserves which could
substantially contribute to the solution of
the current Energy Crisis, probably can be
developed in a short period of time with
minimum environmental disturbance. A cur
rent exploration-development effort for
primary Shale production from compaction
fracture reservoirs could aid and supple
ment the current stimulation research pro
grams as well as aid in speeding more wide
spread utilization of any successful new
technique. Successful exploration and
development of the Devonian - Ohio Shale
would lead to development of additional
hydrocarbon reserves in other Shale
sections over much of the U. S. The shal
low depths and relatively small capital
expenditures required for the development
of Shale production should encourage self
help energy programs for industry, agri
culture and large property owners.

After selection of a favorable area and
location of compaction fractures in the
bore hole, careful consideration must be
given to cementing ajid the critical selec
tion of the stimulation treatment. Many
different types of treatments have been
used, however, limited entry frac treat
ments probably are the best type of treat
ment available today and they can be
designed for small or large intervals.
The #1 Ullman treatmentwould be considered
a large treatment. There were sixteen 3
inch lines pumping into the well when it
was fractured. Smaller frac treatments
can be used successfully if the naturally
fractured intervals can be located for
treatment.
7. CONCLUSIONS
The significance of the Ohio Shale to the
current energy crisis might be presented
in understandable statistics. A Shale
well such as the #1 Ullman which produces
about 41,000 cubic feet of gas per day,
would supply approximately 88 average Ohio
residences with natural gas for 10 to 50
years.
If used commercially, the gas
•would fuel about 17 average commercial gas
users (12). The 12 barrels of oil per day
would furnish gasoline for about 182
average automobiles for 10 to 50 years.

Si rice the Devonian - Ohio Shale and its
equivalents in adjacent areas (22) contains
significant energy reserves, the Shale
potential in Missouri and Iowa needs to be
considered and evaluated.
Before the lights go out and the rigs shut
down for lack of fuel, maybe we should do
as some cable tool drillers do and utilize
the available Shale gas until something
better and cheaper comes along.
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